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(57) Abstract: 

PROBLEM TO BE SOLVED: To precisely and simply 
measure the complicated three-dimensional form of an 
object to be measured which contains a free curved 
surface, irrespective of conductor and non-conductor. 

SOLUTION: When an object 4 to be measured is moved 
in the vertical direction Z by using an X-Y-Z stage 6, 
the tip part 7d of a prove 7A comes into contact with 
the object 4, and the probe 7A is bent. An image 
processing part detects the contact, on the basis of the 
image of the probe 7A which is picked by an optical 
microscope 9. A total control part scans the surface ot 
the object 4 in the vertical direction Z and the 
horizontal directions X, Y by controlling the X-Y-Z 
stage 6, and obtains the three-dimensional coordinates 
of the surface of the object 4, on the basis of contact 
detection of the image processing part. 
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05tSg5 7 d fc L , gilt 7 A t)^:^ . WiSL^S. 
mt s 9 LTtfiMt 7 A coB^tc«o% 
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^mtfimmm^!i!!S(^mmi>zm&Lx^±-ttmiinm 

^tw\^:fiMz^Mmiz'^m^-^tm^^f&t . 
^ miism izn Lxmnmizwrn ? -t^ s c: h i 

OmiWM^commt:s!i9i±^-Jj\^l'Z^^-t^ t b 
iiiz. m^iO^mx-misH^^J^iz^L. mUfz 

i^^m\ii^^<^mtiii>zmr}\'^xmi^m&mcomm<^ 3 

<r)m-cr>A^zML^ m^m.mi^t:mi^m<^MLxm 
kimhh^^i±'p^Mi:mi3<X7mmztn-f^mti±^ 
s. 

[it*3S3] luiESi^^ati. Btiiei!!r«y«!i?!)«7)Byie«® 

^co:^rf6i t Htff a±^**-[^ j&J-iSc-r J: o izmumi 
mimi&^^izx -oxm^^titzmimmzm-^i-^xm 



c^m-a^mmz-i^m l , mimmcom^m^c^ o ■ti>mim 
iw^^ti^^ tttx^^i m^^-i^mmz-o \,^x. m^cri 
mdM^mm^ziommmii^-o^m. s>i>\^tmm^ 

[W«JH1 1 ] frfSfiSI+ti. f^n-h^^it^mszb. 

tm&mzmmt. m^co^m^mx-mmtifzuf^m 

\^i,ztnm^tirzMm.Ub. mimumzmmL. trnm 
m^mzmmi-mu^i^Miit^ti^z^^^b 

Itzm^com^ 1 IBSi«o?^fl-S!lg«. 
m^mi 2 ] mrfSJMl^tli. m^iJ^l 0~5 Oumcom 

^^mmLxm^^tL. mmssij^i^mztfrm^^x-cT) 

2mmX'h 0 . Bfffe5feffig|505fefi'fk{±ft^¥g 0 . 1 ;u 
mljLhfcLfc^i^cOif^JSl llS®<^?^ita!l^a. 

bmn&<^^m^m-mmiifb . 

m^^^imtmmznLxmm&cr)ij\^i,zicim-rh 

i^umzmm^izms-^^xmmi^bcDmx'mi 

mim^(7)tzij?^is X ummmii^cofzh^imiii't 

^fzh^f-i^fii^&ib. 

mifzh^mia^mmtii Lfzmtdm^crifzh^tixx/ 
msmim.i\cr,fzhMzM':s\'^x . HfnBM#toBfffa5feffi 
timim.m^mcommi>zmmLx^-t6msmi\<r>fz 

mEmsi^m?:mEM$nzn LxmE^^ui^izm^ 
-r^mi^-jjmzusnmtzi^m^-ttwm^^f^b . 

m^mmmmmzM tx^nmiz^m^-^^ c: t tc i 

^•ti>mimi\(r)^-i^i:-^timm. axv^mufzhiff-ii^ 

L. mtmi}:iz'o\^^x<7)mB^MAm^mm.(Dmii^^m 
smimmz'o\ ^x<r>mi-^^m^mm<r>mi ? i v 
mi^-^<7)mmi:mx.f'i^''Z. m^h^ti^^Ltz 
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BUIBS2C0XS. H!rism3wi^fcj;viuiem4coxs 
Mi5ll3<7)IST-^#^>i^Jt1trl^!^>rip;^»•^^s-^v^T■ffr 

[ii*Jll 7] MteftliltOig^SrP^-r&Xgti:. gJtt 
-rs«ifiS:col»«« 1 6fe^(5:>?e^tta!l:fr5S. 
[00013 

[0002] 

[ts!*co^$ifj] ^wm>iz%yr^^^—¥^^tth-mm. 
mmt^^mm^nmz^t. m^^^m^^mm 

•/ H CO y X;L'T'{± . t: -v ^^m^mk\± 10 — 10 

=^J^«*>*tg^$ilT<,>?.. -r^f;fo*>. 10~100Atm 
r e * ftMiSr-^tr 3 iJ^TC^ffflJ^iO %> (Difi^^ hixX\-^ 

^>^st:j:-sjaxAi#<. -mxz^ ymwx^hmw^ 
[0003] z.<r>3^d3tmmm:V('m-h^m.iii.v^ 

(1) ^%%^W^fzW:Wm 

(2) M#tSrfflv%^ttSytSffi 



[0004] (1) wM%^m-^fzv^wm 
^<nmi%-km\^imwm^z\t. miM. ^%.^m. 
mzxh^cDt^ t'^i^m&mzxh%<niiifhh. 
[0005] ^m.^<r^wmzi, h %><r>h \^x\%. mi. 

1tra¥7-l 13 6 1 7-^<&#tC^$ix^ijC0*iS) 

:i<mm\,i.. ^^.o:>wmzi.^^v^m±-^(^m^ 
n^tx<mm:m d . ^y-^^m:2'd3t<r>-^mnx' 

o\.z\^x'^A^m.^m!cth, ^<r)mi^zi.fiXi. m& 
\y >x^-&m^zmi t -m^ifis ^^'i- & ^ t t-sj^ 

[0006] f^jSJR^Stc i S t coti. ^NjSJRHatwJ: 
O^fiaSr^aiL. -fey-^e#:?r2<?:7c:<7)TffirtT'^ 

artsi t •? 3i?:7a^«coit$s^f§i. hcTiX'hh. 

^yXrm:7tL, RMU'yXSrjlLT4^SiJS7t^^*^ 
Ar>cr,^%^=}-i,z^\iZ'^^-thifi. mm.^MutmM. 

At^mj^(r>'mk^m\,z^y^^^miirh c t i o-^ 

[0007] (2) fM\'i:m\^-fzWrm&m 

m\^m^^tzmmmti,xi,i. mt\i, ^gB¥5-2 

64 2 1 S^<km^XXf^m¥&-2A7 7 As^^sm 

iz7ri^tii>i>cr>tPh>o. tti. ^^m^m^miM 

(AFM) S^fflV^^i>^0*^^^>^^T^-^l>. 

[0008] ^m^5-2 642 1 5-^^?Slc5^$n/v: 

tiii. m<xM\^mcomMm^timtzkt<x'^^, 

[0009] ^^^8-247 7 4 S^^^miZ^^tltz 

it. mym.^'^it^t&z.xmi^ik^-t^h<^x'h^. 
zcom^mizxKii. :^mi^<7)mmm^^m^-t^:it 

i}^X'^l. 

[0010] AFMSrfflV^JttJa^Mtis Si^h^tJSIitSrffl 
v\ Zff)mi\t:^mi>z^iiWjmi)^hm)5:^-^. Ci^^Sifi 

tDfzh^^ AFMIZ J: ':,X ^t^WS I^Zl^fSTt hh<r>X'h 
[00 11] 
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[0 0 12] tti. ±e(2) cofmim\'^fzmkmi,zx 

t h , \;XT(mm^hh. ^^^5-2 6 4 2 1 5-^^ 
h J: ^ f f h . 8-24 

7 7 4 3^j^mzm^fifzm.m^\:zi.tb . imm^^ 

ffiV^T*>E@l 0 0//mSST'35^WT\ ifc+^tmgJS 
V'>;tta!*fl»Jt:i J; h . M.'f-^l^l.zX h^^<Ofzh^-^m 

[0013} ^'Sr^D**, ±Mimm\,zii h t . ^mi^i 

[ 0 0 1 4 ] ial-^-C. 2ts:5&Bi<7)@S<){i. tSiBIS^aoaS 
ftM2:-^tf^*3yi5c?g«5r^**^^^**H;J: ^o-f 

m-^mi:mm-rhztizh?> . 

[00 153 

^znm-r^i^iimz^Mmiz^m-^-txmmiit 
mii^^iji^i'zm^-tmi^&f^i'zmMmzwm^ 

■t^m^^fkt. Ht|ie±^4#Sfe<J:t<HulSIiJ^3E^ 
1^}!!l^!|^!ltO«®(^3<50t;;S«S:K^#-ri>4'J<ai*Si: S-fii 

ti. mmizx:hmm*mm$itmmi(^mm^^^-rm 



XJ/mi^<PMi\er)fzt>Mzm^\<'^X . lulEMItoitna 

^m^mEMm&mcommizmm. lx ^-r * mimi 
(Tifzh^^m^hmM^f&b. mmm^mimim 

mzM tX 15IE±^3E:&l*It;it3S-r 

iai>M]£*ssr$ijffl) Lxim^m^t:mimmzM t 
lasM^i^tc^L. iuiaw€#s«ofJ^iw»-:3v^-c 
f&BJfi, ±tiSb^t:mm-tfzi^. ^mimM(^-i3mi>z 

m&^nfzm^im-r^fm^mmt^m i <7)xgi: , 
m&m^i:msmmzm Lxmsim^(r)umi,zMm'rh 

mzx -oxmsEM^ioms^m^mmmi^mimmiz 

mALX^±-tMzmi^<r>t:h^imiii-t^m3(r>X 

mt. miws&Mm^mmmziiiLxmii±^-jj\i^ 
tca3c-r ■& m^^\^iziiSMmz^m 5 -its ^4 coi^ 

H>iiaSI2<^X^, mi$^3<^JMn^V<mi?M4cr) 

iz^-rhbbhliZ^ HfrS<7)^it§rHulBate^|6ltc 
mitB»3tOXgT'#^>ii^cHuie3ti5;^tcS-:^vi 

Tl5iEt^J^^^«0«®<^ 3 <}:7cfiS$:5X#-r m 5 (^X 

i:^tszb ^^mb-r&mmfmijm^^m-t& . 

[00 16] 

[0017] z<7)mmmmmmn±. ^^m2t:^ 

L. c:co^^^2±tcaJ;(tc07K<y:7X3?riStt. i 
<7):ii-y;'y^3(r>'pl,z. mmms4i5j:x/mmi»mVii^5 
i:X:tf\ii. Y:^|p), z:^riin(c^i!j^-a:?.x-Y-zx-r 
-i^6b. w.m&m4iz^m7 <i^^^i^^-^i>mm7 
Ab. m\7 AffMmi.zfm7 Ab^mzmfi^ix. ^ 

Si^+7 B t , «4$+7 A<7)g5^S:liS-r •SMit^^flfigP 

8 A t , 7 B <^^^t@s-r SSMMi+^^ia 
s^sBt, m\7 A(r)mi}^*)S^7 hcr^mi&imm-h 
m^m^ 9b. 7 a(7)^^ ? d (r>mmimif*^ 
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[00 181 X-Y-Z^T— i>'6{5, ^m^^AHii 

fc, xx-i/'±l*:*^^6o^x:^[6j. Y:eri6i*3j:ixz:^ 

-i^S2t/^m\-^^tit. XtftXx-i/'6 1. Yffi;:?>x- 

ti. i!C/xmmeolStifflJ^«^ff)a|-r'S.^>:i6lCJi:. 0. 1 
[GO 1 9] «4#t7A{i, V>t)KI>'&ilM«<50>^-^«±'? 
^cr)f^n*>l,± 0 "9 , EI^ST'ft -5. Vat, 

flj&^oss? b t . i{}iigs7 c b . mw^Tht^m^i 

[00 20] <IC:T\ M#t7 AOV>TMlwiffiHJ-rS. 

^m^Acomma^-h-tMzm'i&.^'ti'. ::«o 

ttT , Mi+ 7 ACT) S** 7 b f iSi:* [6]±:^t* i>^^ 
¥^-t^. tti^ Siai^#;*-"Sttl.li»)^. Sl!#f7 
Aftj£T'C0^sSEt::J:-l.«S*SrSitT, ;ti:>^*^'^ 

±-r "9 J: S {f iagPW t S C: t *^'T ^ 
i. . M#^7 A<35itg{i=fflvi{3 i:^J^iO«^i!l^!H34 tc: 

tmx'h^--n. fm i A«o^5r3t^iSffltM9 ob® 

[0021]M*f7Ac7)|ft*J')^7b{±, m-^hh. 

S!l!l^!|^4«0*®2rS^-ri.i5m*«*>S. iJUiiOCli: 
*^f>. tt*i'9S7 biOii:SS:#Ji:LJt®3S^;R:$OlEH 
li. Si#+7 A<?)ilg5 0;wniCOfc# 3~1 0 mm. Kg 
1 0;umC0t^2~5mmga£f*)S. 

[ 0 0 2 2 ] M#t 7 A<:0iSilgB7 c 5il^*t^tfOgg$ 
iCjet^X:^^ 5 0 0 — 2 0 0 OjumiOlEH*^iSf* 

[ 0 0 2 3 ] Mit 7 A«05feSSi5 7 d cOJt^-ftfi. ft*^ 
SO. \n mJiLh*^»* L < . Sr^lS«-r ^ C7) 

*^'»*tv^. $tSSe7 dco^yii-fti^it/^S^t:: 

[0024] M#+7 A fc LTItg 1 

0//mi;DTpBKtfO:J'>':J^^-r>"7-^-^2-ffll\ fi**0S?7 



b ^ ¥@2 mmTtlffl t , 5 c Sr:5? 5 0 0 /;! m 

•Cf^^^t. 5feiag|5^^7 e SrftW^O - 1 p. mljLht L 

^rl.4>tfO$rM#fcL7t, iO^m. »«!tl!)4(7)«®c7) 
!t«{i=S:< , Silt? Kmzio7mm-h ^ ^^HlgT^ 

[0025] wmmi^\t. ±^L7t J; ^ ic^«a57 
7 Sib. mif^'0U7 h b. ^m.^7 cb^^-tt¥. m 

iE«!4lt7 B**JPJI«!H54cO«®i;S^Mt=3:u j; o ic. «S 
iSg67cSrto#t7Aj;0«< ccr>^^t:m 
niiZLX^^l. 
[0 026] g4#t@I^PKSP8A{±. S4#t7A<7).^:^l6l 
2rliS-r-i.lI]K^-f-i^8 0i:. M#t7 A<7)^:^r6]$-ti 
S-tSffiMx-r— >'8 1 M#+7 Atf9i{iiSI57 

c *^${iir*rifi] §rr ^ i: o Pffif § t cotJ) I. . HIIE 
xf—'JS 0 b^xf—i^S 1 lei K>Mii^7A(r>m^ 

m^mi^^Zbi^V^^. IXWt**'^i:=Srl.. ft!fel+7 
AcoMS^^fci :^m.&^l,zMLXmiEtfi^mz^j:tm 

[0027] mmti^^mm^sBii. Mi\mmim 
msAbmmiz. mi&.m^7 B(D<i>:fjj^i:mm.-ri>mm 
XT—i^sob. mm.m\7 B<r)rj^^ft^^mm-ti>^ 
x'r-'Ja ibiimt. mmm7 B<^)i^^u7 ct^m 
B::6-iBitc-gc L . , mmm 7 b tim^^WM 9 iz 
X')Xim$rLtmsi7A<7)mm^i,zittixtX'oi,z 
im'rii><ox'hh. M<EiMi+7 Bti. tffescwfcUT 
i,±Mm Abaim-^j:<7)x\ mmi-^w*^^i-f^wm 

b mmi,zmm^ifx tih^ti^^-t^ . 
[0 0 28] 7t^^gtM9{4, M^^i'yxg olr^m^ 
|,b-;i<;U>'N'9 1 i;. >'ND^y3tSrtliS*-rS*jS9 2 1 . 

2<J:7C«0CCD;p{?;<7 9 4 t*-^>^r-5o M^IS^^-XgO 
tC(4. i!lSfirM^^-<i-fflcO®fg*cO*>rftU>'X9 0A 

b . mnmmmcr)^mm<^fi^uyx9 o e 

9 {±. M#t 7 A£07t i);^^*>'|{}lt:^|plt=^-r 
Sc^t', M#t7Acoitt(i::^i*]±*-i=i£atTv^i.. 
7 A«o5feSgi57 d*^t6^fe4co^ffitwiSii::firr6]icSgf 

:ic7)tzlib. CCD;^?;<5 9 4*«m^M9 3SrJi 
LTBXOiitfB^ti, M#+7Ai>il^lS<^«4#^7B^ott 

*j '9gP7 b izmmj^is^m^^ti^ . 

[ 0 0 2 9 ] 11214. 5fe«i^ba5 1 1 ^^-f. ^tSi^ligP 1 
Iti. ?&}fflS!fi!)4t^)ft;bOlcXx->'M^6 0±tc^ 

m^ti. m.mm. 1 1 o i^n-ri>mMm^m. 1 1 1 1 , 

^*^mi»?Sl lOlc^iMSix. l^^k^rl.lH«a'7 
-f^l 12t. 14a^r:f^tr^HIIV-f-Vl 1 

2 1 |j!#t#?©iBSSPS AtzBX '9#(t^.ix3tfi4#i- 7 A h 
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[0030] ^it<Di7mii. ^^h^^nMmmifmT 
izmt^t^mm-t^. ^^M^ojewTii. 9Mmi 1 

ISy-f^l 1 2i5r^$*^Jl 0//m^TmM?Rl 1 Otc>§ 

«L, iaijri«j®a5i i4(c<fc-:.T«4#t7Atafig'7^-^ 

1 1 2 i: coHicgggIS 114aS::rt-LT3 VSSfOiS^ 
iSE^Ifc^raEPint^t. ciso^*, B^i Oj«m<7)^y 

[003 1 ] CltfO J: 3 ^j:^mm 1 1 1~ iixlf. MI+7 
ACOMH^I a$rffimPl 1 3tr55f')#tt5t^^. «4l+7 

7 d 0^«:(t^OB6«<7)^tt*iii<^:5r < ^: & . t . ^feffi 
g|3 7 d CO^feiaSB^ 7 e (T^XiffzWimc^M^. 5fe^SS 7 d 

[00 32] 123 {i. 3tEil«l<?)fJffli5^Sr^t-, ^CT^ 

mm. ^mm i ^wscoiii^^ ?:$ijp-r ^ ^t^mm^ 2 0 

Sr^^L, i<7)^<*:M^2 0lc:. ^^mm9CDCCD 

352 1 i; . ±ieXWXT— 1 , YffiX-r— >'6 2t5 

izli. yU—Jxjt^V 22. S?*T— 7>2 3fcJ:tXJi 
■®x-y;t-24i:. ±9iCCD:tipi^9 4t^mmLX 

[0033] ^«:Mffl)^2 Oia it>'ffl««lSgB2 1 {i. 
^ixmCPU. ROM. RAM^*^io1iB&$iX. ^ 
$WgP2 Oi3itKil«^flSgP2 l<?5ROM(C(i. «^ 
hmi ltc^-ra:d^r7o-^^-h2:ll4T-r^cot:^e:< 

^^mMm9cr)C cD:^j<y9 4izX'o xmm-^tttiM 

#t 7 A J: 7 B c7):g-iB« $r^S!t<7)g5^B^{c 

Lf.im^it. immamm:^mf\mm2 0iztii:h-rh 
(Q, R) mi'onnhti. m^T-f>v2A 

[ 0 0 3 4 ] *ga 1 <0lft#§rllBBSr3Ei:#BSL 

xm^^-th. m\ Hi. *^aicoB)#srs^-r7o— 
^-hT-s>s. ^^m.i<r>Wimz\t. sjsijjf^ (i«iei 
(a) ) ^{.zmth^^ (PiEKb) ) t ^ 

[0035] (1) I!l^l5J«'fk ( ST.l ) 
04(a) . (b) (i. I^Sm^ (ST 2) ^UiBH-r-SJtJb 
con, 115(a) ~-(e), 06(a) ~-(c) , 07 (a) ~(c) 



<i, ®mJ!®«i52 l<r)mW-^m^M-i>fz>h(mX'h 

&m.-^t>^m<nnm\^>-x9 0 A^mtRL. m^m&m. 
9(mm:wmL^j:ifit:>m^i Affi^^i d^sy^ffi 

mcr)M^l^yX90 B 5rSJI?-f ( ST 1 - 1 ) . 
[00361 ::t-^V-:^*«. m^jkL^^^^X-^ v^S: 

iTF-ri. t . ±mm^ 2 on. wi&nm^ 2 1 

S}|l»2^^Ti:)-^i■|. ( S T l - 2 ) . -t^h-h. HtBSiM 
SP2 1{i, ^^mii960CCD;)5;^594tcj:-oTja 
^§iX7t0 5 (a) l,z^TX 5 ^rto#t7 Ac7)H^4 0 1 ^ 

mmmcnxmmmt lt 7 a;< ^ u 2 2 tcix oa 

tJ. g!>-->T. B#^aagB2 1{i. 7L'-Ap<^:'J 2 2tc; 
lX'5a^:^ili«4 0 1 05(b) qfl 
rJiJ-^ffL (L=qX r ) fli<OnBi*XmH^*^^j^rS 
gE*Bffi4 0 2tCr}i-iiJU, gP*nm4 0 2«tC-&3^2r 

05(c) tc^-r«tpt, m^T—yfi- (q. r) 
hh. ^icobt. mif7 Atm'ox\'^^\>^^'^cr)^-i^m 

^4 0 2cO-^:ftK{i. m^L75:/f i: tTO^IBAt 
T < ^ i: LTmS'JT 1= S J: a t^-T -1. . {^0 5 (c) 
C0^l,±. ( Q , 2 ) Sflfc&^'tK^ L 7 9 f 3&»'±-5T V% 
•Sit $rS^i-« 

[0037] m^B(&t: i-S. @«^2rfi^/i^«. 
its 1 0 ;Lt mSJSiOV -VSrfflV'>!tSt#+7 ATli:^<?) 

■^■ox\i^^m^mi$.4 0 2imm%<7)mm^^-:>^*^:^ 

:^to-^oT^v^gB^^H«4 0 2{±H«St05S« 

mit^t'm-x'h^zt■^l^^i)-'otl. tti.mm^m. 

S3//mgS<7)'7>f-\'S-fflV>7tM#t7AT{±. m^^^<7>^ 

^ 0. ^iO-^oTV^^g|5^J-Hm4 0 2(iB«St7)iESS 
ffi3&s::^#< , ^.co-^-^T=5ri'>M*^H^4 0 2l««» 

a5^H«4 0 2mzmmm^mcr>mmmm. ttKnm 

[00 38] Z(OXdl,Zfmi7A(DmiS.4 0 1 Srlg^tfO 
gP^B«4 0 2l,Z^P]L. mi^mm4 0 2«tC-&l^Sr 

M#t7 A*i5i:-DTi^SSP^i-coSC*H«4 0 2*«-^ttpffl 

^m-fh^tm (ST3) titJi^T 
(i> L<ii-^TT14^r<«4#t7A<^^oTV^§-&ltpffl 
<r)U^m^4 0 2C0-&^5r^J^n{f J: < . Zt\.\,zi. 0 

VX9 0 B t LT 1 0 O^cof&^^J^tcoSrffll-^Jtii^. 
B:=g*«7 10 0// mSSiO^iEHtCJ* LTiSS 1 0 /< m 

ofi!iii+7A^^s?-ri.i:. B<s{3r(t^^a5^»-&-t-x.r'i,i4 

i\7 A(DiSiifin^X\.^^co\i. 'kW(r>1^3^<7)lX'h 



(7) 
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0. S0t7)gP^im4O2fc(±Mi;¥-oTV^^V^. 

[ 0 0 3 9 3 0 5 (e) ti. %^mm.9 cO^f 

^. MPmo. 7. fS^T'l 0 0^£7)M!f^l'>'X9 OB 
m^«*i#4>ix. :i<r)^m^hCi. lMnigg[(7)a!lS* 

oBtUT.Ma^o. 7j,:i±, fg^i 0 o^gc5o^,^o*^ 

7 7 f 7 AiO^fTo T \ ^^W>^m^A 0 2 3t' 

[0 040] (2) ( ST2) 

-f"j{}ii:*iS]*-'big5fi»f^S:^i&t-|. (ST2-1 ) . -r 
^i>*>. ^«:$iJffligi52 0{±, [14(a) tcs^-riot::, a 

:}j^z-^mx'±.^^'th. m^'^Aifi. fmiMz 

|{}lt:6-rSl(c:SS-r.?>i:, 04 (b) tc;^-rJ:3l3. Mlt7 
A*</>:;btf. ^mm^2 0(4. «j£i6^ ( ST 

2 ) £ t , m.-h^zmmmu2 1 

fli^^a (ST3) coKrf^ioraS&^J^-rs. ffifilMHI^ 
2 ITf^-rS^fttem ( ST3 ) iffiiblx. ffiffij!^ 
a5 2 1*-A,^^»fi#*^m:b$a-l.t (ST3- 

5) , ^mmu2Q\i. mTm^^m.-h\zw±-ti> 

(ST 2- 2) . iKC. :^#:SiJtJPSI52 0{±. XtS;3!,-r- 
i^'ei, Yttx-7^->^'6 2t3j:l^Z(i;;?.x-y6 3 03fe 
;^x^-;p*>^>3Ei^Ec7?x:^ioi, Y;:fe-|*]. z::S-[«no3<*5c 
.^«S:lX#-rS. ClcOidtcSifiKlf^ (ST2) tSSi 
( S T 3 ) c7)t&f'^Sr [BIB#M^f t:: L-T^r ^ k i 

[0 04 13 (3) ^gjf^^n (ST3) 

i-r, mm.>fmn2 u±. 3K^i^9c7)ccD*^5 

9 4lci-5Tafa$ix^cft4#+7AOB^4 0 1 ^125 
(a) TSiHBL;^^J;dH7W~Ap<^U2 2tciaii-rs 
(ST3-1 ) , giV^T. W®MfiiSB2 l{i. 71— A 
y 2 2 tcfe^ t?t®ta4 0 1 ^ qfi= r?iJ^f+L ( L 
= qxr) <lconliSxmli^*>4.=5rS^:5J-Wi4 0 2 
tc^JJ-fJU. gC^^il^4 0 2ffit:^mS$:*a6, 135 (d) 
CS^f i ^ ^c. UmT—^/i' { q . r ) 2 4 (clEIS-r 
laii'SrJaaj&iaSixSO-C', (ST 
1 ) Thj&^f.zXdiz. iSi^Lyyyfi:mzMi^7A 

co^-ox^^^^-^mm 0 2t£if^MmM ( st3 - 

2) i'ndZti}mtL^\ 

[00423 mi&!im&2 1 {4, ^(Wi4#t7 BtcoUT 
fttttVAklSIStC-^^ISSt (ST3-2) Srff 



^(^mw^^'tmmy'-yji^ (q, r) 2 4(ci2it 

mm-r-^Sitt 7 ACOli^i: Sr-^mSfflOjST'Jt^l. d 
tt-J:'). ^^fii4^S:ai-t-2. (ST3-3) . -r=5::b 

B«i!aSSI52 1 {i. ipa^lJJW-fL ( ST 1 ) -r«A6T 
i3V^fcSJi-r-7';l' (Q, R) 2 3i:^i«7^-7';^ 
( q . r ) 2 4 cTj-eiX^ixcO-^^ffl-r- ^ l^ioi , 
|n]tTKb'X|iI±cOil^j-Sr. {^^t7 7i/f <7)^fV^^^^ 
B^li4 0 2 «D-&ff-plI:5i-:^>fttJ£L-^*>-ti-l> fc t:: J: 0-^ 

Maffl^*i6i>, M^t•t^'0[npm^z-:)\,^x^xs,L 
■$th-^tfzmi r-^pjjsfflj Fri;-r^. ico-^ms 

^Mm\mm f r (4±# < . MMftttt 7 b tcov 

MI+7AtIpI«t2^<>iM»ai (ST3-3) 2r^f 

[00433 116(a) ~(c) (4, ^RK^ttm (ST 3 
-4) cOiil#SriJiBJ-r'S?'>:»6cOET-*l.. |5lll(a) 
M^+7A{COV^TC0-^miBffifflF r5r^t. PIlKb) 

}i1Wtt#t7 BCOV^T<7)^a!lSflF s 
^SL, iBlll(c) {4IIKjfi£^tttlii;J;^-C#f>tvi.-^ 

7 AcO-^llJKttF r tmmmi B 2iO-&3^WE<lF 
sOil^^Fd^^abS (ST3-4) . ^mi±f^t>W 

mm. ^^mcr)m^t:^nxMmAtimm-thzt 
imntpfc\.K mil Akmm&M7Binmmm^j:m 
wmbmmxmrt^(r>x\ mmdo , W) tc^-r^a 
\>z. ^ti^ficr>^mmMF s . F r hmm^z^h'^x 

^ffil6l6 OOh^rS. L*>L^:*J^>, •?-OlfeM-Fd 
(4, nm(c) iz^-tiiokz. WmifihhiiZhmiryh-fl^ 

\,zo\,z&\^im~^m.e 0 1 tt£h, -n. mnAifi 

WM%^Al,zm&LXfz±>?i-\^'th. |3IS(a) l>z^X 

0 iz. ^mmmF r tfm^m}i.zMz.xmi)mwi t ^ 

I>^>:a6, mmk) iz^-tXolz. -^iflJEfflcolBi-F d 
tJtMl6]6 0 2t^rS, CcoJ;'5tilttl«:ii-Fd$-tt 
aj-t-& J: ^ t^LJtWT'. |iIEl(c) liZTfrTi. d ic. fi!*l4 

MU-^)\^6 0 3i!fiiii^^X'$>r>f::cr)i,ztiL^ fzh^tf^^h^ 
v^Sffll^'^;l'6 0 4T^?:«l*nT#l>idtc^rO, m 

X 0 i/zmzMmmm(.zi6\,^x i>mmm.^m^i}^ 

[0 044 3 117(a) ~(c) (4, mm\^ ( ST3- 
5) cOKl^SrSrr. B«*QiSgP2 1{4, -^^SUSfflcO^ 

T-atcsji#t7A2r/2i?t-tt^k, m&!^i}^^m^n*>x 



(8) 
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[ 0 0 4 5 ] 07 (a) , (b) IZTp-t-^-^MmmF r , F 
s<^m^FdX'm^n-ttt. iBJ-Fdtt. EI7(c) 

J^^Xmtb t/ciiMr^ 7 0 0 7 A<7)^f 0 
izj: '5-M^-7 0 1 LT Li d . ^coi o ^J^-^lcPfflSr 

{±. ^SI6^^j:i,^1^ttJfc':i^-?.M^'<./^7 0 3 5:i^i.. 
^#'9^-^*^»-ri>rail^'<^l'7 0 4*i1ltfOtgHT'^ 

d<7)mm^ mmyt^^ i o x-m^-t ^cittzioa^^ 

ffi5:?*ii6^^i:*iT-^S. i o tcLT ^141^*0 (S 

[0046] Z<OXolZ^^mSm9i,Zj:'oXmi\7 A 

#t7AC0/i4?;^i^?:fiJ^-rSiet3-t^^t'C\ fel!l+7A 
C^SdiOHWSritJa-r S CI i: < nm&lztih^irma 

x'^hcr>x\ m&i)^fsf^itx'^t, ifz. z/6^um9 
coB^fciini-fit^t 7 A . 7 Bmsc7>^M<r>m&^ . m 

1+ 7 AcO-^^MJSflF r i: mjmi 7 B iT^-^MSilgtfF 

sco^^Fd {-^^^Msmm tciopwt. n^F 

^Lfzffil^hJzoliZLfzcoX'^ fm7 A<Dfzir>^ifi 
«S^9<^ii«iDeHtCfi!l!#|-7A. 7B*i^-7-Cl^iT,«f<fc 

mni-^ .r t^j:<mm^j::fjmx'mit^my-^ xiz^h 

[0047] ^CO i a iiZmmW^ ( ST S > <55i!l^^{4, 

^mm 2 1 ^«^f s c p \j<^m&i,zvcm-th . 

a[5r^f-:>T<.^l.. CPU(7Dj$S(*]±{J:a^* Lv^tO*'' 
XM. Z.iXin^mrt,z^oXoi,zLfz<r>X\ CPUM 

[0048] im.^ma-thh. iisffi3!!iaa52 1«±, ^ 



MiJffliSI{2 0t3^;^*nft-§-^tii:*3 SifiBf'^ ( ST 
2) £7)3a-cai'<7tJ:3tc3*gg^ti*^TL, 

T3-ltCH-i>. 

[0049] (4) WMWm{STA) 

I.. M#+7AtiSJaJSt)4C0«ffi4 a*^A>gtnT7t:C0Jg 
<7){aa* T#ia$ii:^^i{tT(±, -H«Mt7^cte#t7 A 

'mA^^\%m■tm^'^'^'yx\•^h<Dx\ m\7At,z\t^\ 
^mL:fimkzmm:i3^%^L. M#t7A$:^aosii^4tfo 

affi4a*^A,Srr::i:*iT^^. ^#:MffllS5 2 0tt. *l 
S^OS!l«[IIiiC<50S!lS*>'^7-ri. i: (ST7) . ^cTy^m 
fi^^a^. }ay^i^co^iai![^S:iK;i§. ^fecoifl^ 
I5IiaOiBI^*«^TLT(,^^V^ilr^«, gfifit&f^ (ST 
2 ) IcM-l) . 

[00 50] z<7yii^\,zmwm<r>^i^m-&m^^i^tiz 

^i:{mfh:iti)^X%h. <f^>-o#{i:. fimfv^j^cJD 
«ffi:»]tcJ; o-CM#t7 A^tpnW,<7)m^^*^h^\-ixfz 

^-iilcjgil! tT t^tfti^-Ct !> *-C'MfcM#t 7 A2::^c 
tmt^^^7 A^<r)±mmi<zii •9»[S:'3i0^5rffi 

i!'-^<i-^:6-s^fi=5A^ mmmzammcom^nm.^ 

J'n\,z\ih^-^liiSM-th^ttl^nhixX\^h. mx. 
(f, iScOS!IS«JK$r^05IL{f<i,o^O. l//mfcL 
Igv-'-rJ'iOff^o^iipO. BAtmJ)-?)*-^ 

•9 BSiO^^WStcS-r •& . d <7) i a lC«SiJ^!ti4 
[005 1 ] (5) j^OWf^CSTS) 

mmzm^mi'^isTs) tLx. yMx^-^jbi^j: 

ttjUSi^OtS-f^Sr^rVK -&me?aS:tfOl33M-ft; (STl- 

1) \,zmh, zzx'm'\'^md<7)%\^-nm\>z-:>\^x'&^ 

i-filit)»#*^fdiaH?<7)2^<^^$7-'-:S' 

S^iaflfcc^2,^«±, ^U^iSOidinit^fflv^?,. iixJ: 
0, mm^&ei^{i) tciOti^t, a!lS®c^:^ri6iic 



(9) 



1-183 160 



(9 = tan-i . ( (z„.2 -Z„.i 
d„ =di„n • COS& 
[00 52] US (a) , (b) (i. jHOK^O^mSrUiBJ 

ti. 08(a) i,z7f^-ti:oiz. ^mx'com^mmdi t^it 
mm<^mmi>zj:Mi. ^m^^4c^m^m(7)m^i>zmt 

T|iMSc0^i|B$:^-r-l. i a t:: Lfzcr>X\ H8 (b) 

[00 53] <J:tC;. mi Kb) 07o-f-^-MC(J! 
(6) 941+7 A^feSgcO^f^ ( S T 1 1) 

»59)^ti4 c7)ft:*) 0 tm^?g 1 1 0 ^{^n Ltzmm^n 

WLl 1 1^««L. IttSKffiiSSSl 14t::J:oTft4i+7A 
ti^^y-^^l 1 2i:tf0rBllc:M^l 14a$r:n-LT3 

1 0Atmi7)^'>'^:^7^y'7'f-^T$)-?>M!#t7AC05t^ 
7dJi. ago. lAtmSatf^yK^t^ixS. 
[0054] MZ. M#t7 Ac05feSSgE*c0^i^«^^T 
■3. ^ttS!l^^a4*5r^;^f--yi7^C0eifliWm'^ 

mJ!mtTmS.Lfit^ . MI+7AOT5feSgiSg7d*«iB!l^ 

Sr^mttcoftv ^^js. ntt< ii^mm vxa < ^ t 

^iLV>. tJ^oT. l4#+7Ac05feJSgi57d^^{ilS:&[^tC 
^feit-fb L , $ 4, l^^H^-r i 0 . «v 

[0055] (7) ( ST 1 2 ) 

EI 9 (a) ~(d) . 1110(a) ~(f) im^m^cr>mm 

( ST 1 2 ) itm-t^tli^(^MTfi^. mi7 A<7)$fe 
SSgC7 dcr)9iMit^ii.tz^^ 7 e {i, !ff 0 fttfUnXffi^ 
flXWSB7a(7)KttttiffSW^*^^. JESI^rn^il:*!*] 

^{4a-^*)-t*-fflc!0M?9^>'X9OA^)MtRL. &fc#+7A 

io&M7 c imwjL^*-'h^(^mm9izj: 'omism 
m-th (sTii-i) . mm A<r>\3i^-)7\M'7)nm4> 

**iSltt^r[6]T*C*ifLT-mTV^2,%^, 119(a) ^ 



^i6iw5iio»d„ ^^(2) osiai-ri.. 
)/d„.l) "-(1) 

-(2) 

(c) tc^-r i d (cfnitgE 7 c iowms 0 0 t^mMzM.1 
::oii«8 0 0*i. ft*^ogP7 b<?)lii«8 o i fc— 
iimtc:^-&i3, IIIK;^x->''S0 5ri^-r2). 

7 Aco^tM:^[6io^s* *^"iStt:6TSi*> '^mx v ^i> 

a 9 (b) iZfrctX 5 tcro^l^ 7 c <m^S 0 0 
H9(d) coj:plc:rpttS87c<oHtB8 0 0*« 
l.^^<=5rl> i ot:H®|3iX7"-i-'8 1 ^iSS-TI. ( ST 

11-2) . zttizx ^fimmi c<orp^it::^i4iiajt*^T' 
[0056] L*-L=sr*s^>, ismmtmm:^^^ 

Jtv-*. 8 5S^C0^mf^ffifiO}SI^C?^LT{4, lis. 

^^m^^mx 0 i^^i.z-sM^j:mmmki}^-£mx'h 0.01 
0 (a) t,z^-tmm^<r)mmmm 5 a sr^-r & 

t^^t:5C0;^i|s€:-ll^-rS^i:*UV\ ft<iM®5aOffl 
^AJg^, i>iI/MI+7A<0M§^IJS/9Sr-^tjffl#^je 
5rati-|)t. a<^tCt5ViTli. 1110(c), (e) l,Z 

TT^-fXonz^m&mmioi.^) . a) iz^^k-rxo^z. 

l^Tti, H 1 0 (a) l>z^-rJ: 0 ic. SU^ffl{J0 1 0 (b) 

Lxi±, mi^t<&MzmM^tLi, 1 o izmm:^'r- 
nm0ii2^mmt^j:?><^x\ mmnmeti^85SM& 

ffiSrH-fflLTiraK-r-SClttc.fcO. S4#+7A<7)5tSgSP7 
dcol&ffl]g{41^y,l*ItclBSSn, ±S<73^«^®OM 

[0057] ±^t/c J: 0 iz. z^mm 1 fciiiff . 
**t)f fi ^ ix ^^M#+ 7 A Srffl V cotif S 

ift®Sr-i-tf^^:3<}C7eg«*^'thm«gi:^r§. t 

mmkvh-^m^mx'wYmx'^ . ttz. mm^m4im 
m^^mwi3f'i>zxh'rmmm^^:ifmx'^t. ^tz. 

^Lx\^^cr>x\ mmz3}X7tm^t:w^mx'^h, 
[00 58] HI 2it. ^mm.ii>zi^^m^m4<7)m 

^SSr^-r. m&^^4kLXt!iM)}nXi>zJ:mn^ 
2 5jum. gil$5 0/im<0«J^Sr*-r&4j<O^SJ^ 
^izLfz. ClcoMM. Ill 2H5^-rJ:5C. T®, a«0 

[00591 ^r*5, ±fE^Sfe£0J^.«tcR8«^ 



(10) i^g^Tl 1- 1 83 1 60 



®Tii, mfm^m ( ST3 ) comnzxhimji^^mK' 

[00 60] 

[3{s:^aHco^] l^Lfz^oiz. 3js^BJt:J;fHf . 5fe 

^m^^tmibff:)mf&i:, mm^zx-yx^±'ti>mi 

mMi:-':f3\^cr)^^l,zJ:'oXmaLX^^hcr>X\ fSmz 

3}X7tmkimmx'^&. 

[HI ] :$^^BMff)mm<r)mmi<zm^m^f\mmm^^-t 

[ 13 2 ] :^mmcr>mmiz{^i> ^^mcom^mxh s . 
[113 ] :imsmmmi>zimmmm^mcr>vm^^^ 

[114 ] (a) . (b) ammi^^imi-hfzibcomx'h 

[US] (a) ~-(e) iiwmmii'^i:mm-tfz»y<7)m 

X'hh. 

[116] (a) ~(c) (illi!iB£^^tttisei#S:iKBJ-t-|.;ti6 

[117] (a) ~(c) \imm\^^^wmthtz>sb<7)m 

[08] (a) . (b) i.m'omi'^(r)mi^^mmtht:i^<r) 
mx'h^, 

[119] (a) ~(d) iim^mm(r)mm.imm-i>fz>^<r> 

[HI 0] (a) -(f) \tm\^Kn^im^mmt^tzib 
<rmxh^, 

[Ell 1] (a) , (b) \t-^mm(^mm.^z^^mmw^ 
[HI 2^ ^iFmi&coimLz^hmm:mmm.izxhWM 

3 ;J-C-y^X 



4 s-assii^ 

6 X-Y-ZXt— S^' 

7 A 

7B gmfiitt 

7 a 

7 b ft*«095 

7 c SaiSSB 
7d $fe«g|5 
7e 

8 A Mtt^^iassp 
SB smSitt^^PlS^ 

9 

10 

1 1 

2 0 ^f4:$'JfflIg|5 

2 1 B^^assp 

2 2 yV—M.ii=i:U 
2 3 

2 4 

6 0 :^'r--J±W^A-^ 

6 1 XWXt"-!^ 

6 2 YWXx-i'' 

6 3 ZffiXT^-i^' 

8 0 HlfKX-r— 

8 1 

90. 90A, 90B jd'^v-yx 

9 1 L'/if^WN' 

9 2 ym 
9 3 mirn^ 

94 CCDX?;'<^ 

1 1 0 mmm 

1 1 1 

1 1 2 m^v-^^ 

114a 

1.14 fifliEaiSgP 
40 1 Si« 

4 0 2 Si^mm 

6 0 0 ^iSMfiil 
6 0 1 — ^ffl 

6 0 2 iiJPilil*] 

603, 604, 703, 704 |igfflU''<i;L' 

7 0 1 ^ii'- 



( 12) 
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401' 



23^ 



[05] 




(b) 



402. 



n 

ante 













0 












[OlR> 



24^ 

























<q.rl 



(063 



(0) 



600 



(b) 



Fe 



600 



(e) 




-- MJ\. 0.7(100 «&) 
NJ^. 0.2t5€) 



10 IpaO 



<c) 



Fd 



604 



603 




(b) 




601 



[093 



Co) 




(c) <<!) 




(13) 
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Fr 



mm c^tn3 



Fs 



(c) 



F<1 



701 



.702 



704 
703 



— 
601 



"700 ffilifpnO 



[0103 




(b) (d) (f) 
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[0113 



(0) 



— Y — 



NO 



31 



'STl-1 
-ST1-2 
ST2' 



)a*«i»§ft(STi) 



'1 



5T3-1 



□I 



ST3-3 



ST3-4 




YES 



ST3-5 




(b) 



r 



ST12 



